Abstract ： Magnetic leakage distribution results from linear defects of oil-gas pipelines in a weak magnetic field, which is modeled by the magnetic dipole theory.
investigating the near field characteristics of the magnetic dipole.
Under a strong magnetic field, the MFL signal depends mainly on the external magnetic field. It can be simulated by simplified two-dimensional models based on axisymmetric structures of pipelines. In a cylindrical coordinate system ( ) Where, f expresses the exciting source of the magnetic field, s represents the magnetic field required, 2 L shows the boundary of the magnetic field space, ( ) However, under a weak magnetic field, the material's inherent magnetic moment cannot be ignored. The MFL signal depends on both external magnetic field and the atomic magnetic moment. According to the criterion of Stoner [17] : The width of the inner defect is a constant value (10mm). And the depth of the pipe wall thickness changes from 10% to 50%, the interval is 5%. As shown in fig.4 （a）and (b), when the defect depth reaches 40% of the pipe wall thickness, ) (Top B Y appears maximum, and when the defect depth is less than 20% of the wall thickness,
does not significantly change and the detection signal is invalid. Moreover, when the defect depth is 40% of the wall thickness, ) ( T T B X − is at a minimum value.
In the same way, the signal characteristics of outer defects are clearly different. As shown in fig.4(c) 
The weak magnetic field signal dependence on defect width
When the depth of the inner defect is a constant value (10mm), the width changes from 2mm to 10mm, and the interval is 2mm. As shown in fig.5 and fig.6 , axial signals of inner-outer defects increase with the linear relation of the defect's width and the curves in the graph basically coincide. When the defect width is less than 8 mm, radial signals of inner and outer defects basically coincide. However, when the defect's width is greater than 8 mm, the radial signal of the inner defect significantly changes and the trend is obviously different in comparison to that of the outer defect's signal. In the model, when the defect width is greater than 8 mm, the inner and outer defects can be identified.
Experimental analysis
In order to confirm the difference between the inner and the outer defect MFL signals in the weak magnetic environment, the weak magnetic detection system is established as shown in fig.7 . Online measuring of the inner -outer defects indicated that the defect's length is 30 mm, the width is 10 mm, and the depth of the pipe wall's thickness is 25%.
As shown in Fig.8 and Fig.9 , in a weak magnetic condition, the axial MFL signals in the through-hole, and inner-outer defects' signals are basically the same, but radial signals are clearly different. Thus, the weak magnetic detection method provides the advantage of enabling inner -outer defect discernment in pipelines.
Conclusions
Under strong magnetic fields, the MFL signals mainly depend on external magnetic field. The resistance effect of the atomic magnetic moment of the ferromagnetic component can be ignored, and internal and external defects cannot be distinguished.
However, under weak magnetic fields, the material's inherent magnetic moment cannot be ignored, the MFL signal depends on both external magnetic field and the atomic magnetic moment, and radial components of inner-outer defects have different distribution trends and inner-outer defects can be distinguished. A new method is put forward for inner-outer defects' testing of pipelines, but the weak magnetic signal is related to the material, wall thickness, diameter, and other factors. 
